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examined the effects of ERA and/or angiotensin receptor blocker
(ARB) on neointimal formation after vascular injury in intact and
ovariectomized (OVX) female rats. The right carotid artery was ex-
posed to balloon injury, and harvested 2 weeks after the injury. In
intact female groups, treatmentwith ARB for twoweeks after the injury
signiﬁcantly decreased neointimal formation, whereas treatment with
ERA did not affect neointimal formation. On the other hand, in the
OVX groups, ET antagonist markedly decreased neointimal formation
after the injury although neointimal formation was not signiﬁcantly
improved by ARB. Combined treatment with 17β-estradiol and ARB
markedly suppressed neointimal formation after the injury in the
OVX groups, whereas there were no additive effects during combined
treatment with 17β-estradiol and ERA. These ERA or 17β-estradiol-
induced vasoprotective effects in the OVX groups were related to the
suppression of NADPH oxydase-dependent reactive oxygen species
production. Taken together, ERA has an estrogen-like vasoprotective
action on neointimal formation via inhibition of oxidative stress. ERA
may be an alternative therapy for the prevention of vascular disease in
postmenopausal women.
doi:10.1016/j.lfs.2013.12.060
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Obstructive sleep apnea (OSA) has been identiﬁed as a signiﬁcant
risk factor for stroke. However, little is known regarding the effects
of OSA on the cerebrovascular wall. We hypothesized that OSA
augments endothelin-1 (ET-1) induced constrictions of cerebral
arteries. Using rats chronically instrumented with an inﬂatable
endotracheal obstruction device we simulated a moderate severity
of sleep apnea, 30 apneas/h for 8 h/day (sleep phase) for 1 month.
Cerebral arteries were harvested for analysis of gene-expression,
immunohistochemistry, and vascular reactivity. Following 1 month
of OSA, blood pressure and plasma/cerebral vessel ET-1 levels were
similar in sham and OSA rats (n = 4–7, NS). Using the pressurized
cerebral artery preparation, we observed a 17.5-fold increase in
sensitivity to ET-1 (n = 5–6, p b 0.05). The increased sensitivity of
OSA cerebral arteries to ET-1 was abolished by the ET-B receptor
antagonist BQ-788 (n = 6, NS). However, increased ET-1 sensitivity
of OSA cerebral arteries persisted in the presence of the ET-A
receptor antagonist BQ-123 (n = 3–6, p b 0.05). Additionally, con-
strictions to the ET-B speciﬁc agonist IRL-1620 were signiﬁcantly
greater in OSA, versus sham, cerebral arteries (n = 6, p b 0.05). Gene
expression analysis revealed no difference in the mRNA levels of ET-
1, ET-a or ET-b receptors, or endothelin converting enzyme (ece1)
(n = 6, NS). However, immunohistochemical analysis demonstrated
elevated levels of ET-B receptor in the smooth muscle of OSA
cerebral arteries. These data demonstrate that OSA increases the
sensitivity of cerebral arteries to ET-1, which appears to be driven by
increased ET-B receptor signaling. These observations suggest an
important role of ET-1 signaling in the adverse cerebrovascular
outcomes associated with OSA.
doi:10.1016/j.lfs.2013.12.061
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We found that the ETB receptor agonist, IRL-1620, provides
signiﬁcant neuroprotection following permanent cerebral ischemia.
The serine/threonine kinase Akt plays a role in regulating cell
survival and death cascades, and may mediate the neuroprotective
effect of IRL-1620. The present study investigated the effect of IRL-
1620 on the phosphorylation state of Akt in a rat model of cerebral
ischemia. Male Sprague–Dawley rats underwent permanent middle
cerebral artery occlusion. Following surgery, rats received three
intravenous injections of vehicle or IRL-1620 (5 μg/kg) at 2, 4, and
6 h post-occlusion. Evaluation of behavioral parameters conﬁrmed
the induction of stroke. Animals were sacriﬁced 7 and 24 h following
occlusion and brains were processed to evaluate protein expression
of total Akt and Akt phosphorylated at Ser473. There were no sig-
niﬁcant changes in behavioral parameters between the vehicle and
IRL-1620 groups 7 h post-occlusion. However, at 24 h there was a
marked improvement in the behavioral parameters of IRL-1620
compared to vehicle treated rats. There were no changes in total Akt
expression levels in the brains of sham, vehicle, and IRL-1620 treated
rats; however, there was an increase in the phosphorylation of
Ser473 of Akt (p473-Akt) in the IRL-1620 treated rats compared to
sham (P&lt0.01) or vehicle treated (P&lt0.05) rats 7 h post-occlusion.
No difference in total Akt or p473-Akt levels was observed 24 h post-
occlusion in the brains of sham, vehicle, or IRL-1620 treated rats. It is
concluded that IRL-1620 causes a transient elevation in phosphoryla-
tion of Ser473 after 7 h of cerebral ischemia, suggesting that the Akt
pathway may be involved in mediating the neuroprotective effect of
IRL-1620.
doi:10.1016/j.lfs.2013.12.062
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Sepsis is a disease of the microcirculation, with endothelial
dysfunction playing a key role in its pathogenesis and subsequent
associated mortality. Pathophysiology of brain dysfunction due to
sepsis remains poorly understood. Cerebral microcirculatory alter-
ations may play a potential role; however, experimental data are
scarce. The present study sought to investigate whether key angio-
genic pathways are altered in the frontal cortex in a clinically
relevant animal model of endotoxemia/sepsis. Male mice at 8 weeks
of age were administered either saline or 20 mg/kg lipopolysaccha-
ride (LPS) at different time points (1, 3, 6, and 10 h). Mice that did
not receive LPS were considered to be controls. We conﬁrmed the
induction of endotoxemia by measuring circulatory TNF-alpha level
as well as cerebral mRNA levels of TNF-alpha, IL-1beta, and IL-6.
Vascular endothelial growth factor (VEGF), a major vascular multi-
factorial cytokine involved in all the three types of vascular growth
namely, angiogenesis, arteriogenesis and atherogenesis, mediates its
angiogenic action through its receptor VEGF-R2. In the frontal cortex
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of the mouse endotoxemic model, the expression of VEGF and VEGF-
R2 with downstream molecule eNOS was downregulated time-
dependently implying the great disturbances in the maintenance
of cerebral microcirculation in sepsis. Concomitantly, endothelin-1
(ET-1) which also is pro-angiogenic in function through its receptor
ETB was downregulated time-dependently with a similar pattern
as the VEGF angiogenic system. Recent study reported a signiﬁcant
decrease in cerebral capillary density in a sheep model of sepsis
which is strongly associated with the progression of cerebral pathol-
ogies. We believe that our current ﬁndings would shed some light to
the mechanisms underlying the microcirculation based brain dys-
function in sepsis.
doi:10.1016/j.lfs.2013.12.063
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Endothelin-2 (ET-2) is transiently expressed in the granulosa
cells of periovulatory ovaries immediately prior to ovulation. Ex vivo
experiments showed that ET-2 treatment induces ovarian constric-
tion. Endothelin receptor pathway antagonization inhibits ovulation
in rodent animals. We postulated that ET-2 induced constriction of
ovarian smooth muscles is a ﬁnal trigger for follicle rupture at the
time of ovulation. Similar to humans, feline ovaries possess a layer
of contractile, smooth muscle-like cells around developing follicles
known as the theca externa. In addition, feline ovaries have been
documented to contract ex vivo. However, the function of this con-
striction and whether ET-2 induces ovulation remain to be deter-
mined. Here, we investigated the characteristics of contraction in
feline ovaries using a myogram in the absence or presence of
physiological doses of ET-2. Whole live feline ovaries were collected
after spay procedures through the Junior Surgery Program of the
College of Veterinary Medicine at the University of Illinois. Of 13
ovaries tested, all demonstrated a period of strong and sustained
constriction when treated with 50 nM ET-2, with an average increase
in base tensile force of 2.48 ± 0.40 mN. Additionally, treatment with
the dual ET receptor antagonist tezosentan reduced constriction in
a dose-dependent manner. Measurement of mRNA expression by
polymerase chain reaction showed that feline ovaries express mRNA
for ET-2, both isotypes of endothelin receptors (ET-A and ET-B),
and endothelin converting enzymes 1 and 2 (ECE-1 and ECE-2).
Taken together, this study demonstrates that ET-2 produces a strong
constriction in feline ovaries, and may be important for rupture of
follicles at the time of ovulation.
doi:10.1016/j.lfs.2013.12.064
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The nitric oxide and endothelin systems are closely related to one
another. We previously reported that diastolic dysfunction observed
in mice lacking the endothelial nitric oxide synthase (eNOS−/−) can
be prevented by a genetic overexpression of ET-1. Sexual dimor-
phisms have been reported in both ET-1 and NO systems. Partic-
ularly, eNOS−/− mice present sex related differences. We report
here that the cardiac level of ET-1 expression in eNOS−/− mice was
elevated in males but not in females. Systolic blood pressure and
cardiomyocyte diameter were higher in male eNOS−/− mice and
male ET-1 overexpressing (ET+/+) mice compared to the females of
the same genotype. Cardiac interstitial ﬁbrosis was similar between
the groups, but perivascular ﬁbrosis developed in female ET+/+
mice but not in males. Additionally, the cardiac expression of
metalloprotease-9 was higher in eNOS−/−males compared to females.
Finally, cardiac proteome analysis revealed that the protein abundance of
the oxidative stress related enzyme superoxide dismutase presented
with sexual dimorphism in eNOS−/− and ET+/+ mice. These results
indicate that both an elevated ET-1 and reduced NO production, which
are typical characteristics of cardiovascular diseases, induce different
pathological responses in male and female mice.
doi:10.1016/j.lfs.2013.12.065
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Aims: To investigate the relationship between endothelin-1 gene
polymorphisms in loci rs1630736, rs5370, and 3A/4A and themorbidity
and progress of nephrotic syndrome (NS) in children. Methods: 36
children with primary NS were treated as case group while 94 healthy
children were treated as control. All subjects were genotyped for
endothelin-1 polymorphisms in loci 3A/4A, rs5370 and rs1630736
by using polymerase chain reaction and direct gene sequence test
technique. Results: (1) In locus rs5370, the frequencies of the GG,
GT, and TT genotypes were statistically signiﬁcantly different within
the case group and control group (χ2 = 6.25, P = 0.044). (2) In locus
3A/4A, the frequencies of the 3A/3A, 3A/4A, and 4A/4A genotypes were
statistically signiﬁcantly different within the case group and control
group (χ2 = 5.47, P = 0.048). (3) In locus rs1630736, the frequencies of
the CC, CT, and TT genotypeswere not statistically signiﬁcantly different
within the case group and control group. (4) In the GG+ CT+ 3A/4A
combined genotype, the difference between the case group and the
control group on gene frequency distribution was statistically signiﬁ-
cant (χ2 = 4.65, P = 0.03). (5) The plasma level of ET-1 between the
case group and the control group (t = 2.85, P = 0.007), and the active
phase and remittent phase of the case group had statistical signiﬁcance
(t = 3.27, P = 0.003). (6) The difference between gene frequency
distributions in loci rs5370 and 3A/4A and plasma of cholesterol had
statistical signiﬁcance (P&LT0.05). Conclusions: (1) The endothelin-1
gene polymorphisms in loci rs5370 and 3A/4A are related to the
morbidity of nephrotic syndrome. (2) In loci rs5370, rs1630736 and 3A/
4A, the GG+ CT+ 3A/4A combined genotype shows greater risk of
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